The stress-strain curves of white tin single crystals have been determined as a function of crystal diameter and orientation at room temperature. The stress-strain curves, especially for thinner crystals, are characterized by a remarkable decrease in stress after yielding followed by a gradual increase in the stress with strain due to work hardening. On the other hand, the easy glide region was found to be a function of both crystal diameter and orientation.
The Effect of Crystal Diameter and Orientation on Plastic Deformation
in White Tin Single Crystals body-centered tetragonal structure above 13 .2°C have been carried out by several workers /9,10/, in addition to instructive studies of the deformation under a constant applied stress, i.e., creep tests /11,12/. However, systematic investigations on the crystal size and orientation dependence of the yield and flow stress have not yet been fully documented and are the subject of considerable speculation
There is, therefore, still very little information on plastic deformation in these metals as compared with those in body-centered cubic (b.c.c.), hexagonal-close-packed (h.c.p.) and face-centered-cubic (f.c.c.)
crystals. The purpose of the present work was to study the effect of crystal diameter and orientation on stress-strain curves. Such experiments might provide information on the strength properties of white tin single crystals.
EXPERIMENTAL METHOD
White tin single crystals of various diameters were grown in a glass tube at the rate of 15 mm/h using a modified Bridgman method. The crystals 60 to 70 mm in length and their orientations were determined by the Laue back reflection method. The crystal orientations which are tensile axes are <001>, <110> and < 110 >. The crystals were pulled along the growth direction with the use of an Instron-type machine at room temperature. The strain rate was kept constant at 1.7 χ 10' 5 sn' 1 . Load and elongation curves were recorded during the tensile tests. Further experimental details are described in reference /13/.
EXPERIMENTAL RESULTS
Resolved shear stress-strain curves were calculated from load-elongation curves and plotted for crystals having various diameters. In white tin single crystals, as can be seen from Fig. 1(a) , the length of stage I changes with the crystal diameter for crystals having the same orientation Also, the length and hardening of the easy glide region change with the crystal orientation ( Fig. 1(b) ). Pascual and Peres /17/ showed that there is However, no change was found in the work hardening rate, which is obtained from the slope of stress-strain curves, like the length and hardening change in the easy glide region with crystal diameter and orientation Moreover, it is very difficult to distinguish the work hardening of these curves at high strains (stages II and ΙΠ), Figures 1(a) and 1(b) .
The subject of the influence of specimen size on the mechanical and fracture properties of metals has been frequently raised in connection with translating specimen test data to the design of structural components. Experience has shown that the apparent strength of a longer size specimen is lower than a shorter size specimen of the same geometry and material /20/. In this connection, Nohara et al. /21/ showed that thick samples are known to yield at an applied stress lower than that for thin samples according to axial orientation. For this reason, thin samples serve not only for sharp yielding but also for low temperature experiments because of prevention of twinning.
As seen in Fig. 1(a) , the yield stress increases with decreasing crystal diameter. This result can be
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explained by dislocation locking and formation of large twins. Fig. 1 (a) also shows that there is a significant difference between the easy glide region of crystals having different diameters in white tin single ciystals. The length of easy glide region increases with decreasing crystal diameter. This is believed to be caused by the fact that most dislocations disappear at the surface and the other dislocations are accommodated in a structure like a multipole array at the initiation of stage Π. We found that the dislocation density decreases with decreasing crystal diameter in white tin single crystals.
The traditional metallurgical description of the yield in metal is based on the stress-strain diagram in a tensile test. The crystal orientation is important with respect to the shape of the stress-strain curve;
in particular, it has a noticeable effect on the extension of easy glide. As can be seen from Fig. 1(b) ,
there is an increase of hardening in the easy glide region according to crystal orientation. A part of orientation dependence may be accounted for by the size effect, since the area of slip plane depends on the ciystal orientation for a given diameter. In addition, the duration of the easy glide must be markedly dependent on the orientation, since the easy glide occurs when the slip is confined to one set of planes.
In conclusion, the results obtained for body-centred-tetragonal tin single crystals are in good agreement with those of h.c.p. and f.c.c. crystal systems. There can be no doubt about the existence of a strong size and orientation effect on the stress-strain curves, especially at stage I.
